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Abstract. This paper presents the analysis of a statistically complete sample of 28 serendipitous X-ray sources selected in 
82 pointed XMM-Newton fields down to a count-rate of 0.002 counts s~' (4.5-7.5 keV energy band). This is the first sample 
selected in this energy range to have complete spectroscopic identifications and redshift determinations for all the objects. Apart 
from one Galactic source (an interacting binary), all the objects are AGNs. Their optical and X-ray properties (derived from 
the spectral analysis of the XMM- EPIC data) are compared together. The good correlation between the optical spectral type 
and the X-ray absorption properties supports the AGN unified model. Only one object that does not fit the relation between 
optical and X-ray absorption is found, namely a Seyfert 1.9 with no evidence of obscuration in the X-ray band (N# <1.3xl0 20 
cm -2 ). In total, 7 sources out of 27 are heavily obscured in the X-ray (N H >10 22 cm -2 ), corresponding to a surface density of 
0.7 deg~ 2 at the flux limit the sample (4-7xl0 -14 erg s _1 cnT 2 in the 4.5-7.5 keV energy band). Among these obscured objects, 
two sources show a large (intrinsic) luminosity (Lp-iokev] >10 44 erg s _1 ) and are thus classified as type 2 QSO. Finally, we have 
compared the fraction of X-ray absorbed AGNs (26%) with that predicted by the current XRB synthesis models at the flux limit 
of the survey. We find that the models significantly (~90% confidence level) over predict the fraction of absorbed AGNs thus 
confirming also in this hard energy band (4.5-7.5 keV) similar results recently obtained in the 2-10 keV band. 
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1. Introduction 

Over 80% of the cosmic X-ray background (XRB) has been 
recently resolved in the 2-10 keV energy range by deep 
Chandra and XMM-Newton observations (Mushotzky et al. 
2000; Hasinger et al. 2001; Brandt et al. 2001; Rosati et al. 
2002; Moretti et al. 2003). Its spectrum can be successfully re- 
produced by a combination of obscured and unobscured AGNs 
(Setti & Woltjer 1989; Madau, Ghisellini & Fabian 1994; 
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Comastri et al. 1995; Comastri et al. 2001; Gilli, Salvati & 
Hasinger 2001; Ueda et al. 2003). The obscured AGNs, in par- 
ticular, play a key role in the XRB synthesis models since they 
are expected to make up a significant fraction of the popula- 
tion in hard X-ray energies (see Fabian 2003 and references 
therein). On the contrary, only a small fraction of absorbed 
AGNs is found in soft X-ray surveys even at the faintest fluxes 
(e.g. -15% in the ROSAT Ultra Deep Survey, Lehmann et al. 
2001). 

Many important issues related to this population are still to 
be understood, like the number of type 2 QSO, the relation- 
ship between optical absorption and X-ray obscuration (e.g. 
Maccacaro, Perola & Elvis 1982; Panessa & Bassani 2002; 
Risaliti et al. 1999; Maiolino et al., 2001), the evolutionary 



2 



A. Caccianiga et al.: the XMM-Newton HBS28 sample 



properties of type 2 AGNs (Gilli, Salvati & Hasinger 2001; 
Franceschini et al. 2002) and the nature of the "Optically dull 
X-ray loud galaxies", firstly discovered from the analysis of 
Einstein and ROSAT data (e.g. Elvis et al. 1981; Maccacaro et 
al. 1987; Griffiths et al. 1995; Tananbaum et al. 1997) and more 
recently found in large number by Chandra and XMM-Newton 
surveys (Fiore et al., 2000; Barger et al. 2002; Comastri et al. 
2002; Severgnini et al. 2003). 

Many of these issues can be studied by using hard X-ray 
surveys with complete spectroscopic information, both in the 
optical and in the X-rays, to allow a direct comparison between 
the two bands (e.g. Akiyama et al. 2003; Ueda et al. 2003). 
In particular, AGN samples selected in the hardest energy band 
currently reachable with imaging instruments, i.e. the 5-10 keV 
or 5-8 keV energy band, provide the best starting point for this 
kind of analysis since they are less affected by obscuration. 

However, the sources found in medium-deep surveys are 
usually so faint in the optical that the completion of the 
identification process is hard, if not impossible, to achieve. 
For instance, about 25% of the sources discovered in the 
Chandra Deep Fields have optical counterparts fainter than 
R=25 (Giacconi et al. 2002) making the direct redshift esti- 
mate very difficult even with the largest optical telescopes cur- 
rently available. Furthermore, an accurate X-ray spectral anal- 
ysis is usually not feasible for the faintest sources detected in 
deep surveys. Bright X-ray surveys, for which a complete spec- 
troscopic identification in the optical is a feasible task and for 
which the X-ray spectra can be easily collected, thus comple- 
ment medium and deep surveys. 

With this goal in mind, the XMM-Newton Survey Science 
Centre (SSC) 1 is building up a large (~ 1000 sources) sample 
of bright (flux limit ~10~ 13 erg cirT 2 s~') serendipitous XMM- 
Newton sources at high Galactic latitude {\b\ > 20"), follow- 
ing well defined criteria so as to allow both a detailed study of 
sources of high individual interest as well as statistical popula- 
tion studies (see Delia Ceca et al. 2002; Delia Ceca 2002). 

The scope of this paper is to present a first complete and 
representative sub-sample of 28 objects, selected in the 4.5-7.5 
keV energy range. Even if small, this sample has the impor- 
tant advantage that a classification based on dedicated optical 
spectroscopy is available for all the sources. In contrast, re- 
cent samples selected in a similar very hard energy band (~5- 
10 keV) using BeppoSAX (Fiore et al. 1999; La Franca et al. 
2002) ASCA (Nandra et al. 2003), XMM-Newton (Baldi et al. 
2002; Fiore et al. 2003; Mainieri et al. 2002) or Chandra data 
(e.g. Rosati et al. 2002) are usually characterized by a partial 
identification level. 

In Section 2 the sample is presented while in Section 3 
and in Section 4 the optical and the X-ray spectra respec- 
tively are discussed. In Section 5 the X-ray and optical prop- 
erties are compared together while in Section 6 the relative 
fraction of absorbed versus un-absorbed AGNs is compared 

1 The XMM-Newton SSC is an international collaboration ap- 
pointed by ESA to help the SOC in developing the SAS, to pipe-line 
process all XMM data and to exploit the XMM-Newton serendipitous 
detections. See http://xmmssc-www.star.le.ac.uk/ for a description of 
the SSC activities. 



to the predictions based on the X-ray background synthesis 
models. Finally, in Section 7 an estimate of the density of 
type 2 QSO at the flux limit of the survey is given while in 
Section 8 we briefly discuss the problem of the X-ray bright 
Optically Normal Galaxies. Summary and conclusions are pre- 
sented in Section 9. Throughout this paper Ho=65 km s _1 
Mpc" 1 , Qa=0.7 and Qm=0.3 are assumed. 

2. The XMM-Newton Bright Serendipitous Source 
Sample 

The XMM-Newton Bright Serendipitous Source (XMM- 
Newton BSS) sample is an ongoing project aimed at the se- 
lection of a statistically complete sample of X-ray sources 
serendipitously discovered in pointed XMM-Newton observa- 
tions (see Delia Ceca et al. 2002, Delia Ceca 2002 for details). 
The XMM-Newton BSS consists of 2 complementary samples 
based on the XMM-Newton EPIC-MOS2 data and selected in 
the 0.5-4.5 keV and in the 4.5-7.5 keV energy range respec- 
tively. The reasons for using the MOS2 detector for the def- 
inition of the sample have been described in details by Delia 
Ceca et al. (2002). The XMM-Newton BSS will be released to 
the public community (Delia Ceca et al. in prep.) and, when 
combined with medium and deep X-ray surveys, will allow us 
to investigate on a wide range of luminosities and redshifts the 
properties of the sources responsible for the XRB at energies 
below 10 keV. 

2.1. A pilot study: the HBS28 Sample 

As a pilot study we have selected a representative sub-sample 
(the HBS28 sample) in the 4.5-7.5 keV energy range. In par- 
ticular we have used the XMM-Newton MOS2 fields available 
to the XMM-Newton SSC until December 2002 and selected 
according to the criteria described in Delia Ceca et al. (2002) 
and Delia Ceca (2002) i.e.: 

1. \b n \ >20° 

2. Galactic column density (N#) below 10 21 cm -2 ; 

3. Exclusion of fields centered on bright and/or extended X- 
ray targets; 

4. Exclusion of fields which suffer from very high background 
flares; 

Moreover, to define the pilot sample reported here we have 
used only the fields with a < 5h or a >18h. This last con- 
straint, coupled with the \b n \ >20° criterion, selects an area of 
sky mostly in the Southern hemisphere. 

For the source detection and characterization we have fol- 
lowed the same pipeline processing used for the First XMM- 
Newton Serendipitous Source Catalogue, which is described 
in details in http://xmmssc-www.star.le.ac.uk/ The sources are 
then selected with the following constraints: 

1. Count rate (4.5-7.5 keV) > 0.002 counts s" 1 ; 

2. maximum likelihood > 12 in the 4.5-7.5 keV band (corre- 
sponding to a probability for a random Poissonian fluctua- 
tion to have caused the observed source counts of 6xl0~ 6 ); 
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3. Exclusion of the sources too close to the gaps between the 
CCDs (see Delia Ceca et al., in prep, for more details). 

4. Exclusion of the target of the observation and of the sources 
too close to the edge of the field of view. To this end, we 
have defined an inner (r,) and an outer (r ) radius which 
define the portion of each field used to select the sources. 

In total, the HBS28 sample contains 28 sources selected in 
82 XMM-Newton/ EPIC-MOS2 fields. The complete list of the 
82 XMM-Newton fields is reported in Tabled The count-rate 
limit of 0.002 counts s _1 corresponds to a nominal flux limit 
of about 7xl0~ 14 erg s _1 cm 4 in the 4.5-7.5 keV energy band 
for a power-law spectrum with a photon index F=2. We note, 
however, that in some object the 4.5-7.5 keV flux computed on 
the basis of the X-ray spectral analysis (see Section 4) are lower 
(up to a factor ~2) than this formal limit. Therefore, the actual 
flux limit of the sample is between 4 and 7xl0~ 14 erg s _I cirT 2 . 

The total area covered by the HBS28 sample is 9.756 Deg 2 . 
The list of 28 sources selected in the sample is presented in 
TableEl 




16 18 20 

red magnitude 



22 



3. Optical identification and classification 

3.1. The optical counterparts 

The optical counterpart for each source in the sample has been 
searched in the Digitized Sky Survey (DSS) and a magnitude 
has been collected from the APM (Automatic Plate Measuring 
machine) catalogue 2 . Thanks to the good positional accuracy 3 
(~3"-4") and the brightness of the XMM sources, there is no 
ambiguity in the detection of the optical counterpart. When an- 
other source is present just outside the X-ray error circle we 
have spectroscopically observed also this second object. In all 
these cases (4 in total) the object within the error circle has 
turned out to be a more reliable counterpart (an AGN) than 
the object outside the circle (always a star) thus confirming the 
good accuracy of the X-ray position. All the optical counter- 
parts are within 4" from the X-ray position. 

For 26 sources out of 28, an APM counterpart with a red 
magnitude brighter than 20. 1 was found. For the remaining 2 
sources, an optical counterpart is visible in the acquisition im- 
age taken at the ESO 3.6m telescope during the spectroscopic 
run (see below for the details) and a magnitude (R) is com- 
puted. Hence, for the totality of the sample an optical coun- 
terpart has been found. The magnitude distribution of the 28 
sources is presented in Figure^ 

It is worth noting that, given the small X-ray-to-optical po- 
sitional offset and the brightness of the optical counterparts, 
the expected number of spurious optical identifications is com- 
pletely negligible in the HBS28 sample. Even considering the 
stars, that represent the most probable chance coincidence, the 
expected number of spurious matches in the HBS28 sample is 
below unity. Indeed, as explained below, no "normal" stars are 
found in the HBS28 sample. The only Galactic object found is 



2 http://www.ast.cam.ac.uk/~apmcat/ 

3 see the "EPIC status of calibration and data analysis" report, at 
xmm.vilspa.esa.es/ 



Fig. 1. Red magnitude distribution of the 28 sources in the 
HBS28 sample. For most of the object (26) the magnitude is 
the APM red magnitude, while for the 2 faintest sources the R 
magnitude is considered. 



an accreting binary star whose X-ray emission properties are 
well known. 
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Fig. 2. Redshift distribution of the 27 extragalactic sources in 
the HBS28 sample. The shaded area represents the type 2 ob- 
jects as defined in the text. 
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Table 1. The XMM-Newton fields used for the selection of the HBS28 sample 
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-08 41 


14 


5 


10615 


6 


8 


13 


0099010101 


03 


35 


27.6 


-25 44 


54 


5 


18777 


9 


8 


13 


0033541001 


23 


04 45.0 


+03 11 


35 


6 


12461 


5 


2 


13 


0055140101 


03 


39 


35.0 


-35 25 


58 


1 


47637 





1 


11 


0123900101 


23 


13 58.9 


-42 43 


28 


3 


37401 


3 


6 


13 


0111970301 


04 


09 


07.2 


-71 17 


43 


9 


18741 


3 


8 


13 


0109463601 


23 


15 18.7 


-59 10 


31 


7 


5403 


6 


8 


13 


0112600401 


04 


25 


44.2 


-57 13 


34 


4 


7627 


3 


8 


13 


0112880301 


23 


31 49.9 


+ 19 56 


28 


5 


14318 





3 


13 


0103861701 


04 


35 


17.1 


-78 01 


54 


3 


8010 


9 


8 


13 


0093550401 


23 


33 40.0 


-15 17 


12 


2 


22258 





1 


13 


0112880401 


04 


59 


35.4 


+01 47 


16 





18915 


3 


2 


13 


0100241001 


23 


49 40.6 


+36 25 


30 


6 


8739 





3 


13 



column 1: observation ID; column 2: sky position of the center of the field; column 3: MOS2 exposure time (after having removed the time 
intervals characterized by a high background); column 4: inner radius (see text for details); column 5: outer radius (see text for details). 



3.2. The optical spectrosocopy 

A search through the literature has produced 5 spectroscopic 
identifications (3 QSOs, 1 Narrow Line Radio Galaxy and 1 
accreting binary star). Three more identifications have been 
taken from the AXIS project (Barcons et al. 2002a,b); one of 
these 3 objects has been re-observed at the SUBARU telescope 
(Severgnini et al. 2003). The remaining sources have been ob- 
served and spectroscopically identified during dedicated ob- 
serving runs. Most of the sources were observed at the ESO 
3.6m in May and October 2002 using the EFOSC2 coupled 
with CCD40 and grism n.13 (October) or grism n.6 (May). 
The slit width ranges from 1.2"up to 1.5", depending on the 



seeing conditions, and was usually oriented according to the 
parallactic angle to avoid differential flux losses, except when 
it was oriented so as to include two objects. Four additional ob- 
jects were observed at the TNG telescope in November 2001 
and September 2002, using DOLORES and grism LR-B. For 
the data reduction we have used the standard IRAF longslit 
package. The spectra have been wavelength calibrated using an 
Helium-Argon reference spectrum. A relative flux calibration 
has been obtained by observing the standard stars G191-B2B, 
BD25+4655 (TNG) and LTT 7987 (ESO). The weather condi- 
tions (not always photometric) and the observing set-up usually 
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name 




Observation ID 


Gal. N H 
(xlO 20 ) 
[cm -2 ] 


Clxii <; 7 ^boV 

(xlO -3 ) 
[s~'] 


EPIC cameras 


Notes 


XBSJ002618. 5+ 105019 


AAA 1 ATA 1 A 1 

0001930101 


5.07 


2.3 


AT/"\00 \1AC 1 — 

MU52,MUo 1 ,pn 




XB S JO 13240.1- 


-133307 


nno A^mmi 
00S4230301 


1.64 


^ o 
3.2 


M(Jo2,MUJ> 1 ,pn 




XBSJ013944.0- 


-674909 


nni Ol A A A f\ 1 

003 2140401 


2.49 


2.0 


MUS2,M(Jo 1 ,pn 




XBSJ014100.6- 


-675328 


0032140401 


2.49 


70.9 


MUa2,MUM 


a 


XBSJ015957.5+003309 


0101o40201 


O C A 

2.59 


3.0 


MUo2,M(Jo 1 ,pn 




XBSJ02 1640.7- 


-044404 


01 123 /I /01 


2.42 


2. 1 


M(jJ>2,MUa 1 ,pn 




XBSJ021808.3- 


-045845 


01 123 /1001 


2.52 


2.7 


MUS2,M(Jo 1 ,pn 




XBSJ021817.4- 


-045113 


01 123 /1001 


O CO 

2.52 


3.3 


ML)3i,MUS 1 ,pn 




XBSJ02 1822.2- 


-050615 


01 123 /1001 


O CO 

2.52 


i c 

4.5 


MUo2,MUo 1 ,pn 




XBSJ023713.5- 


-522734 


nnno o i ni ni 

009ool0101 


3.28 


3.2 


M(jJ>2,MUa 1 ,pn 




XBSJ030206.8- 


-000121 


r\r\A 1 i ^n 1 n 1 
0041 1 /0101 


/.16 


-> i 
3.1 


MUJ>2,M(Jo 1 ,pn 




XBSJ030614.1- 


-284019 


0042340 jO 1 


1 1£ 

1.36 


i 

4.0 


MOoz,MU!)l 


c 


XBSJ031015.5- 


-765131 


0122320201 


8.21 


4.4 


MUS2,M(Jo 1 ,pn 




XBSJ031 146.1 - 


-550702 


n 1 i nmn 1 n 1 
01 109 /0101 


o c c 
2.55 


C A 

5.9 


M(Jo2,MUJ> 1 ,pn 




XBSJ03 1859.2- 


-441627 


OlOoooOlOl 


o 

2.60 


o o 
2.2 


MAO 

IvlUoz,prj 


c 


XBSJ033845.7- 


-352253 


nnc ci /i n 1 n 1 
00:0140101 


1.31 


2.4 


M(jJ>2,M(jo 1 ,pn 




XBSJ040658.8- 


-712457 


n 1 i 1 mniri i 
01 1 19/0301 


/.5/ 


3 1 

3.4 


MUc>2,M(Jo 1 ,pn 


b 


XBSJ040758.9- 


-712833 


n 1 i 1 mniri i 
01 1 19/0301 


/.5 / 


C A 

5.0 


M(Jt)2,pn 


c 


XBSJ041108.1- 


-711341 


m 1 1 (V7A1A1 

01 1 1970301 


7.57 


2.2 


MUo2,MUM 


a,b 


XBSJ185613.7- 


-462239 


AA^OI /I A 1 A 1 
UU6 / 34U101 


C OA 

5.2y 


Q O 

8.2 


ML)32,MUs 1 ,pn 




XBSJ193248.8- 


-723355 


AAO 11/11 AA 1 

UU81 341001 


C AC 

5.95 


i c 

4.5 


MUo2,MUo 1 ,pn 




XBSJ204043.4- 


-004548 


A 1 1 1 1 QAOA 1 

U 1 1 1 1 5020 1 


6. 11 


1 o 

3.2 


M(Jo2,MUJ> 1 ,pn 




XBSJ205635.7- 


-044717 


0112190601 


4.96 


2.1 


M0S2,M0S1 


c 


XBSJ205829.9- 


-423634 


0081340401 


3.89 


3.9 


M0S2,M0Sl,pn 




XBS J21 3002.3- 


-153414 


0103060101 


4.99 


2.3 


M0S2,M0S1 


d 


XBS J2 13824.0- 


-423019 


0061940201 


2.68 


2.5 


M0S2,M0S1 


c 


XBSJ214041.4- 


-234720 


0008830101 


3.55 


3.3 


M0S2,M0Sl,pn 




XBSJ220601.5- 


-015346 


0012440301 


6.13 


2.3 


M0S2,M0S1 


d 



column 1 : source name; 

column 2: identification number of the corresponding XMM observation; 
column 3: Galactic column density; 

column 4: source count-rate in the 4.5-7.5 keV energy band; 

column 5: EPIC cameras used for the spectral analysis (see notes); 

column 6: notes. 

a = source on a gap in the pn 

b = MOS1 and MOS2 not summed 

c = source on a gap in MOS 1 

d = source outside the pn field of view 

e = problems with the pn data 

* for the spectral analysis we have summed these data with the 01 12370101 sequence 



do not guarantee a correct absolute flux calibration. For this 
reason, the spectra reported here are given in arbitrary units. 

3.3. The classification criteria 

All the 28 sources selected in the HBS28 sample are emis- 
sion line objects, including one accreting binary star (BL Hyi) 
which is the only Galactic source in the sample. We will not 
discuss this object any further as the main scientific target of 
the HBS28 is the extragalactic population. In Appendix (A.l) 
we briefly outline the main properties of this source. 

A redshift has been secured for all the 27 extragalactic 
objects in the sample. The redshift distribution is shown in 
Figure 13 



To classify the emission line objects we have adopted the 
criteria presented for instance in Veron-Cetty & Veron (2001) 
which are based on the fine widths and the [OIII]/i5007A/H/J 
flux ratio. In particular, we have divided the extragalactic 
sources into two groups, i.e. type 1 and type 2 objects: 

- Type 1 objects, including: 

17 sources showing broad (FWHM>2000 kms -1 ) per- 
mitted lines. These are Broad Emission Line AGNs (BEL 
AGN). This class includes Seyfert 1, Broad Emission Line 
Radio galaxies (BLRG) and typel QSO. The optical spec- 
tra of the 10 BEL AGNs identified by our own spectro- 
scopic observations are shown in Figure|3] 

2 sources which show permitted lines with 1000 km 
s 1 <FWHM<2000km s 1 and a [OIII1/15007/H/? ratio be- 
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1 — i — r 



0.5 


1 

0.5 


1 

0.5 


1 

0.5 


1 

0.5 



XBSJ00261 8.5+1 0501 9 

(z = 0.473) 




++ 



XBSJ01 5957.5+003309 

(z = 0.310) 




I I I I | I I I I 

XBSJ030614.1-284019 

(z = 0.278) 



i i | i i i i | i i i i | i i i i | i i i i | 

XBSJ01 3944.0-674909 

(z = 0.104) 




XBSJ021 640.7-044404 

(z = 0.873) 




XBSJ1 8561 3.7-462239 

(z = 0.768) 




I I I I | I I I I | I I I I 

XBSJ205635.7-044717 

(z = 0.217) 




++ 



XBSJ21 4041 .4-234720 

(z = 0.490) 




XBSJ21 3002.3+1 5341 4 

(z = 0.562) 




XBSJ220601 .5-01 5346 

7 (z = 0.211) 



u lJ i i i i I i i j i I i i i i Ll 

4000 5000 6000 7000 8000 4000 5000 6000 7000 8000 




MA) 



Fig. 3. The optical spectra of 10 newly discovered Broad Emission Lines AGNs (FWHM>2000 km s ') 



low 3. These sources are classified as Narrow Line Seyfert 
1 (NLSyl) candidates. The presence of a relatively strong 
FeII/l4570A hump further supports the classification of 
these sources as NLSy 1 . The optical spectra of the 2 NLSy 1 
are plotted in Figure Given the low-resolution (~20A) 
and the relatively low S/N ratio of these spectra, a more 
detailed analysis of the line ratios (e.g. the FeII/l4570A/Hj8 
used for a more quantitative separation between NLSyl and 
Syl e.g. by Veron-Cetty, Veron & Goncalves 2001) is not 
possible. 
- Type 2 objects, including: 



5 sources which show only narrow lines 
(FWHM<1000 km s 1 ) and [OIII],t5007/H£>3. These 
objects are classified as Narrow Emission Line AGNs. 
This class includes Seyfert 2 galaxies, Narrow Line Radio 
galaxies and type 2 QSO. The optical spectrum of the 
Seyfert 2 identified by us is shown in Figure|5](top panel); 

1 object (XBSJ193248.8-723355) whose spectrum 
presents only narrow lines but the [OIII]/l5007/H/3 ratio 
is about 2 thus suggesting a non-AGN origin. Also the 
[On]i3727A/[Om]/l5007 ratio is quite high (~3) in agree- 
ment with what is usually observed in starburst or HII- 
region galaxies (e.g. Veilleux & Osterbrock 1987). This 
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Fig. 4. The spectra of the 2 NLSyl candidates discovered in 
the sample: XBSJ023713.5-522734 (top) and XBSJ205829.9- 
423634 (bottom). The two small boxes inside the two figures 
show the expanded region around the Fe II/14600A hump. 



source is thus classified as an Emission Line Galaxy (ELG); 
its spectrum is shown in Figure [5] (bottom panel). As de- 
scribed in the next Section, the X-ray data clearly reveal 
the presence of an obscured AGN in this object; 

2 sources in which all the observed emission lines 
are narrow (FWHM<1000 km s -1 ) except for a broad Ha 
component. These sources are also characterized by a high 
[Om]^5007/H/3 ratio (>3) and are classified as Seyfert 
1.9 (Syl.9). The optical spectra of the two Syl.9 are re- 
ported in Figure [6] In one of the sources (XBSJ03 1146.1- 
550702) the broad Ha component is clearly evident while 
in XBSJ040658. 8-7 12457 its presence is less obvious and 
it would require a proper de-blending to be clearly quanti- 
fied. 

In Table [3] the optical properties of the 28 sources in the 
HBS28 sample are presented while the breakdown of the opti- 
cal classification is summarized in Table|4] 

In conclusion, the percentage of type 1 and type 2 objects 
is 70% and 30% respectively of the extragalactic sources. The 
redshift distributions for type 1 and type 2 objects taken sepa- 
rately are only marginally different (K-S probability of 6% of 
being drawn from the same parent population). 



4. X-ray data 

On the basis of the MOS2 data, used for the sample defini- 
tion, we have firstly studied the hardness ratios of the sources 
in the sample. This is useful as reference for other (deeper) 
samples for which the available number of counts per source is 



Fig. 5. Top panel: the spectrum of the NEL AGN (a Seyfert 
2) XBSJ040758.9-712833. Bottom panel: The spectrum of 
the object XBSJ193248.8-723355 optically classified as a 
Emission Line Galaxy (ELG, i.e. a starburst or a LINER, see 
text for details). As explained in the text, the X-ray analysis 
indicates the presence of an AGN in this object. 

not enough to perform a detailed spectral analysis. The hard- 
ness ratios have been computed using the data in the 0.5-2.0 
keV, 2.0-4.5 keV and 4.5-7.5 keV energy intervals adopting the 
following standard definitions: 



HR2 



HR3 



. C(2.0-4.5)-C(0.5-2.0) 
' C(2.0-4.5)+C(0.5-2.0) 

C(4.5-7.5)-C(2.0-4.5) 
C(4.5-7.5)+C(2.0-4.5) 



where C represents the MOS2 corrected count-rates (see 
http://xmmssc-www.star.le.ac.uk/ for details) in the energy in- 
tervals indicated in parenthesis (in keV). The hardness ra- 
tios used are weakly dependent on the Galactic N H (which 
is below 10 21 cm~ 2 in the fields used for the sample selec- 
tion). In Figure the HR3 is plotted against HR2. The figure 
clearly shows that the optical classification and the hardness- 
ratio (HR2 in particular) are coupled: nearly all (7/8) the 
type 2 objects show HR2 >-0.3 while all but one type 1 
sources have HR2 values below this value. The two excep- 
tions are: XBSJ03 1146. 1-550702, a Syl.9 with HR2=-0.58 
and XBSJ031859.2-441627, a type 1 AGN with HR2=-0.21. 
As discussed below, the X-ray analysis has confirmed the ab- 
sence of a significant absorption in the first source and the pres- 
ence of a mild absorption in the second one. 

Qualitatively, the correlation between the hardness-ratio 
and the optical spectral type is expected in the context of the 
unified models. A more quantitative assessment of this correla- 
tion is done in the following Section on the basis of a detailed 
spectral analysis. 
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Table 3. The optical properties of HBS28 



name X-ray position optical position id type z mag id ref 

(J2000) (J2000) 



XBSJ002618. 5+ 105019 


00 


26 


18.50 


+ 10 50 


19.3 


00 


26 


18 


70 


+ 10 50 


19.5 


BEL AGN 


1 





473 


17 


5 


TNG11/01 


XBSJ013240. 1-133307 


01 


32 


40.11 


-13 33 


07.8 


01 


32 


40 


27 


-13 33 


07.2 


NEL AGN 







562 


20 





ESO 10/02 


XBSJ013944.0-674909 


01 


39 


44.02 


-67 49 


09.4 


01 


39 


43 


77 


-67 49 


08.4 


BEL AGN 


1 





104 


16 


7 


ESO 10/02 


XBSJ014100.6-675328 


01 


41 


00.66 


-67 53 


28.9 


01 


41 


00 


23 


-67 53 


27.6 


E.L.star 




- 




16 


4 


(a) 


XBSJ015957.5+003309 


01 


59 


57.52 


+00 33 


09.7 


01 


59 


57 


60 


+00 33 


10.5 


BEL AGN 


1 





310 


18 


3 


TNG11/01 


XBSI021640.7-044404 


02 


16 


40.74 


-04 44 


04.9 


02 


16 


40 


66 


-04 44 


04.7 


BEL AGN 


1 





873 


16 


5 


TNG 11/01 


XBSI021808.3-045845 


02 


18 


08.34 


-04 58 


45.7 


02 


18 


08 


20 


-04 58 


45.7 


BEL AGN 


1 





712 


17 


7 


AXIS 


XBSI021817.4-045113 


02 


18 


17.40 


-04 51 


13.3 


02 


18 


17 


43 


-04 51 


13.0 


BEL AGN 


1 


1 


070 


19 


5 


AXIS 


XBSJ02 1822.2-0506 15 


02 


18 


22.28 


-05 06 


15.7 


02 


18 


22 


15 


-05 06 


14.5 


NEL AGN 







044 


14 


8 


(b) 


XBSJ023713.5-522734 


02 


37 


13.54 


-52 27 


34.4 


02 


37 


13 


66 


-52 27 


34.7 


NLSyl 


1 





193 


17 


1 


ESO10/02 


XBSI030206.8-000121 


03 


02 


06.86 


-00 01 


21.2 


03 


02 


06 


76 


-00 01 


21.7 


BEL AGN 


1 





641 


18 


8 


(c) 


XBSJ030614.1-284019 


03 


06 


14.19 


-28 40 


19.9 


03 


06 


14 


21 


-28 40 


19.3 


BEL AGN 


1 





278 


18 


5 


ESO10/02 


XBSJ03 1015.5-765 131 


03 


10 


15.56 


-76 51 


31.5 


03 


10 


15 


88 


-76 51 


33.8 


BEL AGN 


1 


1 


187 


17 


6 


(d) 


XBSJ03 1146.1-550702 


03 


11 


46.12 


-55 07 


02.5 


03 


11 


46 


18 


-55 06 


59.9 


Syl.9 


2 





162 


17 


3 


ESO10/02 


XBSJ03 1859.2-44 1627 


03 


18 


59.29 


-44 16 


27.6 


03 


18 


59 


41 


-44 16 


26.7 


BEL AGN 


1 





140 


15 


9 


(b), ESO 10/02 


XBSJ033845.7-352253 


03 


38 


45.77 


-35 22 


53.4 


03 


38 


46 


02 


-35 22 


52.7 


NEL AGN 


2 





113 


17 





(e) 


XBSJ040658. 8-7 12457 


04 


06 


58.87 


-71 24 


57.7 


04 


06 


58 


88 


-71 24 


59.8 


Syl.9 


2 





181 


18 


7 


ESO10/02 


XBSJ040758.9-7 12833 


04 


07 


58.97 


-71 28 


33.5 


04 


07 


58 


58 


-71 28 


32.2 


NEL AGN 


2 





134 


17 





ESO 10/02 


XBSJ041108. 1-711341 


04 


11 


08.10 


-71 13 


41.1 


04 


11 


08 


78 


-71 13 


42.8 


BEL AGN 


1 





923? 


20 


3* 


ESO10/02 


AdoJ loJOl J. f—HOZZjy 


1 ft 


JO 


1 ^ 7^ 
1 J. 1 J 


A 00 
— HO LL 





1 ft 


JO 


1 D 


78 
/ ft 


— "4-0 ZZ 


J 1 . 1 


DHL, A\JlN 


1 
1 


u 


7^C 
/Do 


1 
1 V 


u 




XBSJ193248. 8-723355 


19 


32 


48.80 


-72 33 


55.2 


19 


32 


48 


77 


-72 33 


53.3 


ELG 


2 





287 


18 


8 


ESO05/02 


XBSJ204043.4-004548 


20 


40 


43.46 


-00 45 


48.2 


20 


40 


43 


46 


-00 45 


51.9 


NEL AGN 


2 





615 


21 


2* 


ESO 10/02 


XBSJ205635.7-044717 


20 


56 


35.75 


-04 47 


17.9 


20 


56 


35 


67 


-04 47 


17.2 


BEL AGN 


1 





217 


17 


3 


TNG09/02 


XBSJ205829.9-423634 


20 


58 


29.97 


-42 36 


35.0 


20 


58 


29 


89 


-42 36 


34.2 


NLSyl 


1 





232 


18 


3 


ESO 10/02 


XBSJ213002.3-153414 


21 


30 


02.32 


-15 34 


14.1 


21 


30 


02 


30 


-15 34 


13.2 


BEL AGN 


1 





562 


17 


3 


ESO10/02 


XBSI213824.0-423019 


21 


38 


24.03 


-42 30 


19.2 


21 


38 


24 


03 


-42 30 


17.5 


BEL AGN 


1 





257 


16 


6 


(f) 


XBSJ214041.4-234720 


21 


40 


41.45 


-23 47 


20.1 


21 


40 


41 


53 


-23 47 


19.3 


BEL AGN 


1 





490 


18 


4 


ESO10/02 


XBSJ220601.5-015346 


22 


06 


01.50 


-01 53 


46.9 


22 


06 


01 


45 


-01 53 


46.1 


BEL AGN 


1 





211 


20 


1 


ESO10/02 



column 1 : name; 
column 2: X-ray position; 
column 3: Optical position; 

column 4: spectroscopic classification (BEL AGN=Broad Emission Line AGN; NEL AGN=Narrow Emission Line AGN; NLSyl =Narrow 
Line Seyfert 1; Syl.9=Seyfert 1.9; ELG=Emission Line Galaxy); 
column 5: optical spectral type; 
column 6: redshift; 

column 7: APM red magnitude; the asterisk indicates that the magnitude (R) has been derived from our own observations; 

column 8: reference for the identification i.e. the observing run, if the source has been identified by us, or a reference, if the source has been 

identified from the literature. The notes are: 

(a) V* BL Hyi. See Appendix A.l; 

(b) identification from Severgnini et al. (2003) 

(c) identification from La Franca, Cristiani & Barbieri (1992) 

(d) identification from Fiore et al. (2000) 

(e) identification from Carter & Malin (1983) 

(f) identification from Hewett, Foltz & Chaffee (1995) 

AXIS: identification from the AXIS project (Barcons et al. 2002a,b) 



4.1. X-ray spectral analysis 

Thanks to the relatively bright flux limit which characterizes 
the sample, most of the sources have enough counts to perform 
a reliable X-ray spectral analysis. Except for 2 sources, the total 
counts in the MOS2 range from 100 to 3900. The availability 
of the MOS 1 and, in most cases, of the pn increases the counts 
by a factor ~2 (if only the MOS 1 is available) or ~4 (if both 
MOS 1 and pn are available) the actual number of counts avail- 
able for the spectral analysis. For 7 sources the pn was either 
not available or the object was outside the field of view or un- 



der a bad column. In another case the source falls under a gap 
in the MOS1 camera. In Table [5] the EPIC detectors used for 
the X-ray analysis of each source are summarized. Before the 
extraction of the spectra, we have removed the time intervals 
characterized by a high background. 

All the spectra have been extracted using a circular region 
with a radius of 20"-30", depending on the source off axis dis- 
tance. The background is extracted in a nearby source-free cir- 
cular region of a radius a factor ~2 larger than the one used to 
extract the source counts. When the same blocking filters are 
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Table 4. Spectroscopic classification 



class 


Spectral type 


Number 


% extragalactic 


Typel 




Broad Emission Line AGN 


17 


63% 




NLSyl 


2 


7% 






19 


70% 


Type 2 




Narrow Emission Line AGN 


5 


19% 




ELG 


1 


4% 




Seyfert 1.9 


2 


7% 






8 


30% 


Accreting binary 




1 




Total 




28 
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Fig. 6. The spectra of the two Syl.9 discovered in the sam- 
ple: XBSJ040658.8-712457(top) and XBSJ031 146.1-550702 
(bottom). 

used in the two MOS cameras the data are combined after the 
extraction. 

The MOS and pn data have been re-binned in order to have 
at least 15-25 counts per channel depending on the brightness 
of the source. XSPEC 1 1.2 was then used to fit simultaneously 
the MOS and pn data, leaving the relative normalization free 
to vary. During the fitting procedure only the data in the 0.3-10 
keV and 0.4-10 keV energy ranges are considered for the MOS 
and the pn respectively. Errors are given at the 90% confidence 
level for one interesting parameter (A^ 2 =2.71). 

Initially, we attempted to fit a simple absorbed power-law 
model to all the 27 spectra taking into account both the Galactic 
hydrogen column density along the line of sight (from Dickey 
& Lockman 1990) and a possible intrinsic absorption at the 
source redshift. 
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Fig. 7. The hardness-ratio HR3 versus HR2. Filled circles rep- 
resent the type 2 objects while the open circles are the type 1 
objects 

For 20 sources the resulting fit is good enough (i.e. no sys- 
tematic trends are observed in the residuals) and kept as the 
best-fit model while for the remaining 7 sources a simple ab- 
sorbed power-law model does not give an acceptable fit. 

In most (13) of the 20 objects that are well fitted by a sim- 
ple absorbed power-law model, no intrinsic absorption is found 
while for 7 sources the best-fit intrinsic N# is larger than the 
local Galactic column density. Among these latter sources, 4 
present an Hydrogen column density larger than 10 22 cirT 2 and 
the related best fit photon index is flatter (F <1.5) than the 
flattest F found for the unabsorbed AGNs (see below). This is 
probably due to the poor statistics available for spectral analy- 
sis which do not allow us to adequately constrain at the same 
time both the spectral index and the absorption. In order to bet- 
ter constrain the correct value of N H we have fixed for these 4 
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Fig. 8. The X-ray photon-index distribution of the type 1 ob- 
jects obtained from the spectral fitting. 



sources the T to 1 .9 (which corresponds to the average value 
found for the type 1 AGNs, see below) and derived the corre- 
sponding column density N H . This procedure is justified in the 
context of the unified scheme according to which the absorbed 
AGNs should have the same intrinsic power-law and a larger 
absorption with respect to the type 1 AGNs. Since the values 
of T found for the type 1 AGNs have an intrinsic dispersion, 
we have checked the variation of N# when extreme values of T 
(within the observed distribution) are assumed. We have found 
that the variation of N# is usually within the reported errors. 

Finally, for the 7 sources for which the simple absorbed 
power-law model does not offer a good representation of the 
data, an improved fit is obtained with a more complex model, 
like a "leaky absorbed power-law" model 4 or by adding a 
thermal component. In one case (XBSJ040758.9-7 12833) the 
value of F in the "leaky absorbed power-law" has been fixed to 
1 .9 to better constrain the absorption. 

The results of the X-ray spectral analysis for the extragalac- 
tic sources are summarized in Table[5] The X-ray spectra of the 
extragalactic sources are reported in Appendix lB.il 

The distribution of the photon indices of the type 1 objects 
is shown in Figure [8] The mean value is < F >=1.97 with a 
standard deviation of 0. 16 consistent with the mean value found 
in other similar samples (e.g. Mainieri et al. 2002). The distri- 
bution of the photon indices of the type 2 objects is not pre- 
sented since, for most of these sources, the value of F has been 
fixed to the value 1 .9 to better constrain the absorption. 

We discuss below in greater detail the results for the single 
classes of extragalactic objects. 

4 this model consists of two power-laws, one absorbed and one un- 
absorbed, having the same photon index 



4.2. Type 1 AGN 

Broad Emission Line AGNs. For 12 out of 17 Broad Line 
AGNs the simple absorbed power-law model gives an accept- 
able fit (reduced x 1 below 1 .2) and a column density consis- 
tent with the Galactic value. In one object (XBSJ03 1859.2- 
441627) an intrinsic column density (N?/=3.9xl0 21 cirT 2 with 
r= 1 .72) significantly larger than the Galactic value results from 
the fitting procedure. This is one of two sources mentioned 
at the beginning of Section 4 for which a departure from the 
HR2/optical classification segregation has been noted. The op- 
tical spectrum of this source is dominated by the host galaxy 
while the AGN activity is suggested only by the presence 
of a weak (EW~16 A), possibly broad Ha emission line. In 
Severgnini et al. (2003) we show that the observed optical spec- 
trum of this object can be modeled by using the N# computed 
from the X-ray data and assuming a standard Galactic value for 
the Eb-v/Nh ratio. 

In three other objects (XBSJ021808. 3-045845, 
XBSJ205635.7-044717, XBSJ220601. 5-015346) the sim- 
ple absorbed power-law model leaves significant residuals. A 
better fit is obtained by adding a soft component (a Black-body 
spectrum with a temperature of 0.1-0.2 keV). 

In summary, all the objects with broad (FWHM>2000 km 
s~') emission lines in the optical spectra are unabsorbed or only 
weakly absorbed in the X-ray band (N H <4xl0 21 cm 2 ). In 18% 
of cases, a soft excess is also detected. 

Narrow Line Seyfert 1. The 2 NLSyl candidates found 
in the sample show only a moderate intrinsic absorption 
(N H =9.5xl0 20 cm 2 , XBSJ205829.9-423634) or no absorption 
at all (XBSJ023713.5-522734). In the case of XBSJ023713.5- 
522734, a better fit is obtained by adding a soft-component 
modeled with a black-body spectrum with kT=0.1 keV. 
The spectral indices in the two sources are quite similar 
(r=1.90^ |8 for XBSJ023713.5-522734 and r=1.91^* for 
XBSJ205829.9-423634) and slightly lower but still consistent 
with those found with ASCA by Vaughan et al. (1999) for a 
sample of 22 NLSyl (F=2.1 with a standard deviation of 0.3 in 
the 2-10 keV band). 

In summary, the 2 NLSyl candidates are not significantly 
absorbed in the X-ray (N# <10 21 crrT 2 ) and, in one case, a 
soft-excess is also present. With the available data there is no 
evidence that NLSyl have steeper F values when compared to 
Syl. 

4.3. Type2 AGN 

Narrow Line AGNs and ELG. The X-ray spectra of all the 
Narrow Line AGNs and the ELG show strong evidence of in- 
trinsic absorption (N# >10 22 cm -2 ). 

In two cases, a more complex model, including a "scat- 
tered" component ("leaky absorbed power-law" model) is 
needed to obtain a better fit to the data. The scattered com- 
ponent is found to be 5% -10% of the flux of the primary com- 
ponent in agreement with what has been observed in other well 
studied Type 2 AGNs (e.g. Turner et al. 1997a,b). 

Finally, in one case (XBSJ033845.7-352253) the leaky ab- 
sorbed power-law model does not give an acceptable fit leaving 
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Fig. 9. The optical spectra of the 2 type 2 QSO discovered in Fig. 10. The distribution of the intrinsic N# derived from the 
the HBS28 sample: bottom panel: XBSJ013240. 1-133307, top spectral fit, for Type 1 objects and Type 2 objects. The shaded 



panel: XBSJ204043. 4-004548 



histograms show the detections while the empty histograms 
represent the upper limits on N#. 



significant residuals at low energies. The inclusion of a thermal 
component with kT=0. 16^ ^ keV is required to achieve a bet- 
ter fit (see Appendix A. 3 for a more detailed discussion of this 
source). 

In summary, the 6 objects with an optical spectrum showing 
only narrow emission lines (FWHM<1000 km s~') are signifi- 
cantly absorbed at X-ray energies (N# >10 22 cm 2 ). 

Notably, two objects (XBSJ013240.1-133307 and 
XBSJ204043 .4-004548) have an unabsorbed X-ray lumi- 
nosity (L2-iofcv=2.6xl0 44 erg s~' and L2-iofev=3.2xl0 44 erg 
s~' respectively) in the typical range of the type 2 QSO. The 
optical spectra of these two sources are shown in Figure[9] 

Seyfert 1.9. The 2 "intermediate" Seyfert galaxies show 
very different spectra: XBSJ040658.8-712457 is absorbed 
(A^=2.5xl0 23 cm" 2 ) while XBSJ031 146.1-550702 is well 
fitted by a simple un-absorbed power-law model with 
Nh <1.3x10 20 cm -2 . The very low X-ray absorption observed 
in this latter source is in contrast with what is usually found 
in Syl.9 for which typical values of Nh are between 10 22 and 
10 24 cirT 2 (e.g. Risaliti, Maiolino & Salvati 1999; Maiolino 
et al. 2001). The source XBSJ03 1146. 1-550702 seems to be 
a case where the measured X-ray absorption is much lower 
than the one inferred by the optical spectrum, which shows no 
broad lines except for a broad wing in the Ha profile and an 
[OIII]^5007A/Hy6 ratio typical of a Sy2. Other cases like this 
have been presented in the literature (see next section). A more 
detailed discussion of this object is reported in Appendix A. 2. 



5. Optical versus X-ray absorption 

The unified models (Antonucci 1993) predict a strict correla- 
tion between the optical and the X-ray absorption. Although 
the presence of this correlation is suggested by the large val- 
ues of Nh usually observed in Seyfert 2 galaxies (e.g. Awaki 
et al. 1991; Turner et al. 1997a; Risaliti et al. 1999; Guainazzi 
et al. 2001), many important exceptions are known since the 
first observations taken with the Einstein Observatory (e.g. 
Maccacaro, Perola & Elvis 1982). More recently, Panessa & 
Bassani (2002) have presented a significant number of type 2 
AGNs whose X-ray spectra are indicative of a very low (or 
even absent) absorption (N# <10 22 cirT 2 ), thus confirming ear- 
lier results from Ptak et al. (1996), Pappa et al. (2001) and 
Bassani et al. (1999). Similarly, Barcons, Carrera & Ceballos 
(2003) have recently shown the case of a Syl.9 with no X-ray 
absorption and more cases like this are emerging from recent 
XMM observations (Lehmann et al. in prep.). Quantifying the 
percentage of this type of source is a difficult task. However, 
Panessa & Bassani (2002) estimate this percentage in the range 
10%-30%. This number is larger than that found by Risaliti et 
al. (1999) in a sample of Seyfert 2 (4%). 

Another important exception to the optical/X-ray absorp- 
tion correlation is the discovery of type 1 AGNs with large X- 
ray absorption (e.g. Fiore et al. 2001). Similarly, Maiolino et al. 
(2001) have pointed out that in a fraction of AGNs the A V /N H 
ratio is significantly lower than that observed in our Galaxy. 

The statistical completeness of the HBS28 sample together 
with its complete spectroscopic classification allows us to per- 
form a statistical analysis of the relationship between X-ray and 
optical absorption at the flux limit of the survey (~4-7xl0~ 14 
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Fig. 11. The intrinsic Nh versus the unabsorbed X-ray luminosity in the 2-10 keV energy range for (a) Type 1 objects (open 
circles) and for (b) the Type 2 objects (filled circles). 



erg s" 1 cirT 2 in the 4.5-7.5 keV energy range). In Figure ITOl the 
distribution of the intrinsic Nh for the extragalactic objects is 
presented. The number of X-ray obscured AGNs (Nh >10 22 
cm" 2 ) is 7 corresponding to a surface density of 0.7 deg" 2 . 

In Figure \^\ the best-fit values of Nh are plotted against 
the 2-10 keV intrinsic luminosity. In panel (a) of Figure fTTI 
only the sources optically classified as type 1 objects are plot- 
ted while in panel (b) only the type 2 objects are presented. The 
plot confirms what has been already inferred from the analysis 
of the hardness ratios, i.e. that a correlation between the op- 
tical type and the X-ray absorption is clearly present: type 1 
objects always have low values of Nh (<10 22 cm" 2 , panel a) 
while the majority (88%) of type 2 objects have large values of 
Nh (>10 22 cm" 2 ) (panel b). This correlation holds also in the 
other sense: the great majority (95%) of sources with Nh <10 22 
cm" 2 are type 1 while all the objects with Nh >10 22 cm" 2 are 
type 2 sources. 

In the HBS28 sample one source out of eight type 2 sources 
has Nh <10 22 cm" 2 (see previous Section). Hence, we can in- 
fer that the fraction of these sources is 12% with a standard 
deviation range of 2% - 41%. Given the large uncertainity, this 
result is consistent with both the estimate made by Panessa & 
Bassani (2002) and with that of Risaliti et al. (1999). 



Moreover, we have found two type 1 AGNs in which 
the absorption exceeds the Galactic column density, but in 
only one of these the intrinsic absorption is relatively large 
(NH=3.3xl0 2I cm" 2 , XBSJ031859.2-441627). As already dis- 
cussed, also in this object the observed Nh and the optical spec- 
trum are consistent with a standard Galactic A v/Nh (Severgnini 
et al. 2003). 

Interestingly, we have not found any type 1 object for which 
the value of Nh is higher than 10 22 cm" 2 (see FigurefTol. Based 
on the available numbers we can estimate an upper limit of 10% 
on the percentage of type 1 sources with Nh >10 22 cm" 2 . 

6. Comparison with the XRB synthesis models 

The relative percentage of absorbed versus un-absorbed AGNs 
found in the HBS28 sample can be directly compared to the 
theoretical predictions of the XRB synthesis models. We stress 
once again the great advantage of dealing with a completely 
identified sample for which a value for the redshift is available 
for all sources. This is fundamental for a correct determination 
of the intrinsic absorbing column density. 

The 4.5-7.5 keV selection interval is useful for probing the 
real fraction of obscured objects even at relatively bright flux 
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Table 5. Best-fit parameters for the X-ray spectral analysis (extragalactic objects) 
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column 1 : source name; 
column 2: optical identification; 

column 3: best-fit model (PL = absorbed power-law; Leaky = leaky absorbed power-law; PL + BB = absorbed power-law plus Black-Body 

spectrum; Leaky + RS = leaky absorbed power-law plus a Raymond-Smith spectrum) 

column 4: best-fit photon index of the power-law component; 

column 5: best-fit intrinsic hydrogen column density [cm -2 ]; 

column 6: temperature of the thermal component (if present) [keV]; 

column 7: reduced Chi-squared and degrees of freedom of the best-fit; 

column 8: observed 2-10 keV flux (corrected for the Galactic absorption) [erg s~' cm -1 ]; 

column 9: Logarithm of the intrinsic luminosity in the 2-10 keV energy range [erg s ]; 

a results from the X-ray analysis taken from Severgnini et al. (2003) 

* in this object the presence of an emission line at 1.9 keV (source rest frame, consistent with the Si XIII at 1.86 keV) is required. 
c in this object the presence of an emission line at 6.4 keV (source rest frame, consistent with the Fe I Ka) is required. 



limits. The expected fraction of obscured AGNs (Nh >10 
cm -2 ) in the HBS28 predicted by the XRB synthesis model 
discussed in Comastri et al. (2001) is equal to 0.62-0.65, con- 
sidering the range of fluxes sampled by the HBS28 (between 
0.4 to 2.5xl0~ 13 erg s -1 cm -2 ). This fraction corresponds to 
17-18 AGNs obscured in the X-rays expected in the HBS28 
sample. This number is significantly (at the 99% confidence 
level) larger than the observed one (7), assuming the Poissonian 
statistics (Gerhels 1986). 

A similar overprediction, although less significant (90%), 
of the population of absorbed AGNs is also found by compar- 
ing our results with the "modified unified model" recently pre- 
sented by Ueda et al. (2003), which includes a dependence of 
the fraction of absorbed AGNs on the X-ray luminosity. 



In the 2-10 keV energy band Piconcelli et al. (2002, 2003) 
have already pointed out that the observed fraction of the ab- 
sorbed AGNs at a flux limit of ~10~ 14 erg s -1 cm -2 is a factor 
~2 lower that predicted by the CXB synthesis models. We thus 
confirm this result and extend it to the hardest 4.5-7.5 keV en- 
ergy band. Clearly, current XRB synthesis models have to be 
revised. 

7. Type 2 QSO 

As already mentioned, two type 2 QSO have been discovered in 
the HBS28 sample, namely XBSJ013240.1-133307 (z=0.562, 
intrinsic L 2 -io^ 1 /=2.6xl0 44 erg s -1 ) and XBSJ204043.4- 
004548 (z=0.615, intrinsic L 2 -wkeV=3-2xl0 44 erg s -1 ). In 
Figure [21 the ratio between the observed flux (2-10 keV) and 
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Fig. 12. The ratio between the (observed) flux between 2 and 
10 keV and the optical flux (see text for details) versus the ob- 
served 2-10 keV flux. The loci of constant R (Cousins) magni- 
tudes are also plotted for R=16,18, 20 and 22. Symbols are the 
same as in previous figure. 

the optical flux 5 are plotted versus the observed 2-10 keV flux. 
The two type 2 QSO are among the three objects with the 
largest X-ray-to-optical flux ratio (1.2 and 0.8) in the sam- 
ple. The surface density of type 2 QSO at the flux limit of the 
HBS28 is 0.21+J5;| 5 deg" 2 . 

8. X-ray bright Optically Normal Galaxies (XBONG) 

The existence of optically "passive" galaxies for which the X- 
ray observations reveal an intense AGN activity has been hotly 
discussed in the recent literature (e.g. Fiore et al. 2000; Barger 
et al. 2002, Comastri et al. 2002; Severgnini et al. 2003). Even 
if these X-ray bright Optically Normal Galaxies (XBONG) 
seem to emerge at faint X-ray fluxes (<10~ 13 erg cirT 2 s~'), 
some examples have been discovered also at relatively high X- 
ray fluxes (e.g. Piconcelli et al. 2002; Severgnini et al. 2003). 

In the HBS28 sample two sources were at a first glance 
classified as XBONG candidates, based on the optical infor- 
mation available at the time of the sample selection. The source 
XBSJ021822.2-050615 was initially classified as an XBONG 
since no strong emission lines were present in the discov- 
ery spectrum. However, a more accurate re-observation of this 
source with the 8.2m Subaru telescope has revealed the pres- 
ence of narrow emission lines that were outshone by the host- 
galaxy light in the previous spectrum (Severgnini et al. 2003). 
This source is thus classified as Type 2 AGN. 

5 Fopr-A/lxf 6400 ^ where f 6400 A is the monochromatic flux at 6400A 
derived from the APM red magnitudes and AA is the band width of the 
R Cousins filter. 



Similarly, the source XBSJ03 1859^14 1627 was initially 
classified as an "optically dull galaxy" on the basis of an op- 
tical spectrum covering the spectral range between ~4900 and 
5800A. Further observations, covering a wider spectral range, 
have revealed of F the presence of a weak and possibly broad 
Ha emission line (Severgnini et al. 2003). We consider this ob- 
ject to be a type 1 AGN. 

Interestingly, the two objects have the lowest X-ray-to- 
optical flux ratio (and the brightest magnitude) among the ob- 
jects in the HBS28 sample (see Figure \l2\. This peculiar X- 
ray-to-optical flux ratio found for this type of sources has been 
already noted, for instance, by Comastri et al. (2003). 

In conclusion, two sources in the HBS28 sample are poten- 
tially similar to some XBONG that are emerging from different 
X-ray surveys although a closer look at their spectra, based on 
high resolution data and/or a better spectral coverage, reveal 
their real AGN nature. We stress that similar detailed observa- 
tions, relatively easy to do for low-z sources (like those discov- 
ered in the HBS28 sample), are hard to carry out for higher z 
objects. 

9. Summary and conclusions 

We have presented a statistically complete sample of 28 X-ray 
sources selected in the 4.5-7.5 keV energy band at a flux limit 
of ~4-7xl0~ 14 erg s cirT 2 . The sample is completely identi- 
fied and a spectroscopic classification and redshift is available 
for each object. This is the first sample, selected in this en- 
ergy band, to have such complete optical information. Apart 
from one Galactic accreting binary star, all the remaining 27 
sources are AGNs. We have discussed the optical classification 
of these 27 objects based on the presence and the intensities of 
the broad/narrow emission lines. In particular, we have divided 
the sources into 19 type 1 objects, including Syl, QSO and 
NLSyl, and 8 type 2 objects, including Sy2, Syl. 9, Narrow 
Line Radio Galaxies (NLRG) and ELG. We have then pre- 
sented the X-ray spectral analysis based on the XMM-Newton 
EPIC data for the 27 AGNs. Thanks to the relatively bright flux 
limit of the sample, the available number of counts (from hun- 
dreds to thousands) is large enough to allow a reliable spectral 
analysis in nearly all cases. 

The optical and the X-ray properties of the sources are thus 
analysed together. The main results can be summarized as fol- 
lows: 

- A correlation between the optical spectral type and the X- 
ray absorption is found: all the type 1 objects show column 
densities, derived from the X-ray spectra, below 10 22 cirT 2 . 
On the contrary, all but 1 (88%) of the type 2 objects are 
characterized by column densities above 10 22 cirT 2 . This 
result strongly supports the unified models (e.g. Antonucci 
1993); 

- Despite the mentioned good correlation, we have found 
one type 2 object (optically classified as Syl. 9) with no 
absorption (N# <1.3xl0 20 cm~ 2 ) in the X-ray band. In 
Appendix A. 2 we have discussed the similarities of this 
object with those found by other authors (e.g. Panessa & 
Bassani 2002); 
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- Two type 2 QSOs, with an intrinsic luminosity larger 
than 10 44 erg s" 1 (2-10 keV) and N H >10 22 cirT 2 have 
been discovered in the sample. These two objects repre- 
sent 25%/30% of the optical/X-ray absorbed AGNs respec- 
tively. The corresponding surface density of type 2 QSO at 
the flux limit of the survey is 0.21*5-}5 deg -2 ; 

- The fraction of absorbed AGNs (N H >10 22 cm 2 ) in this 
sample (26%) is significantly lower (at ~9Q% confidence 
level) than the fraction predicted by the current XRB syn- 
thesis models at this flux limit (Comastri et al. 2001; Ueda 
et al. 2003). The observed lack of absorbed AGNs, re- 
cently suggested also by other authors (e.g. Piconcelli et al. 

2002, 2003), clearly indicates that the XRB synthesis mod- 
els should be revised, at least with respect to the relative 
fraction of obscured/un-obscured objects. 
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Appendix A: Notes on individual objects 

A.1. XBSJ0141 00.6-675328: The polar BL Hyi 

XBSJ014100.6-675328 (BL Hyi) is a known AM Herculis ob- 
ject (a polar), i.e. a binary system composed of a magnetic 
white dwarf and a low-mass star. These sources are character- 
ized by soft and hard X-ray variable emission, modulated on 
the rotational period of the white dwarf. The hard X-ray prop- 
erties of BL Hyi have been discussed by Wolff et al. (1999) 
on the basis of RXTE data and by Matt et al. (1998) by using 
ASCA and BeppoSAX observations. 

The X-ray spectrum of XBSJ014100.6-675328 is well fit- 
ted by a unabsorbed power-law model with r=1.53^gg3 plus 
a thermal component (kT=55^j eV) and an emission line at 
E=6.7+0.2 keV. The 2-10 keV flux is 6.1xl(T 12 erg s" 1 cirT 2 . 

A.2. XBSJ0311 46.1 -550702 

XBS J03 1 146. 1 -550702 has been classified as Sy 1 .9 and its X- 
ray emission does not show significant absorption, as described 
in the text. Other examples of Sy2 objects with low X-ray ab- 
sorption have been recently presented by Panessa & Bassani 
(2002) and Barcons, Carrera & Ceballos (2003). Panessa & 
Bassani (2002) have suggested that a large-scale dusty environ- 
ment (e.g. dust lanes or an HII region), instead of an obscuring 
torus close to the nucleus, can hide the BLR without produc- 
ing a significant X-ray absorption (N H ~10 22 cirT 2 or slightly 
lower than this value). However, the upper limit on the N# 
value estimated for XBSJ03 1146. 1-550702 is 1.3xl0 20 cirT 2 
which is almost two orders of magnitude below the value ex- 
pected in the scenario proposed by Panessa & Bassani (2002). 
Another possibility considered by Panessa & Bassani (2002) is 
that the BLR is not efficiently activated due to an extremely 
sub-Eddington accretion rate. This scenario, however, is ex- 
pected to work for low-luminosity AGNs (LLAGN, L x <10 42 



erg s ') which represent a large fraction of the Sy2 studied 
by Panessa & Bassani (2002). On the contrary, the source 
XBSJ03 1146. 1-550702 has an X-ray luminosity of 2.2xl0 43 
erg s , thus significantly higher than the luminosity expected 
in LLAGNs. Two objects similar to XBSJ031 146.1-550702 in 
terms of X-ray luminosity (~10 42 -10 43 erg s _1 ) and low Nh 
value (<10 20 - 10 21 cm 2 ) are NGC 7679 (Delia Ceca et al. 
2001) and IRAS00317-2142 (Georgantopoulos 2000). These 
two sources are dominated by the starburst emission in the opti- 
cal and by an unabsorbed AGN in the X-ray. Selective obscura- 
tion due to a dusty ionized absorber has been invoked to explain 
the observed X-ray and optical properties of these sources. A 
more detailed analysis of XBSJ03 1 146. 1-550702 is required to 
assess whether a similar interpretation could also be applied to 
this source. 

Another possibility is that XBSJ031 146.1-550702 is a 
Compton-thick source (Nh >10 24 cm -2 ). In this case, the ob- 
served X-ray spectrum represent only the fraction of the total 
emission reflected towards the observer. If this hypothesis is 
correct, a strong neutral iron Ka line is expected at 6.4 keV 
(source rest frame), corresponding to 5.5 keV in the observer 
rest frame, i.e. very close to the extreme end of the observed 
spectrum. In this spectral region an upper limit on the emission 
line is very poorly determined (EW<2 keV) and cannot be used 
to rule out the Compton thick nature of the source. 

In principle, the thickness parameter Fjt/F[om], where Fx 
is the 2-10 keV observed flux (corrected for the Galactic ab- 
sorption) and F[om] is the reddening corrected flux of the 
[OIII]/15007A line, could be used to assess the Compton thick- 
ness of the source. According to Bassani et al. (1999), in 
fact, a Compton-thick source should present low values of the 
Fx/F[oni] ratios (below 1) while Compton-thin sources should 
have Fx/F[oni] significantly above 1 . As previously stated, the 
optical spectra collected by us do not have an absolute flux 
calibration so the measurement of the Fx/F[omj flux ratio is 
not simple. However, considering the good weather conditions 
of the night during the observation of XBS J031 146.1-550702 
and taking into account the flux lost due to the slit width we 
have obtained a rough absolute calibration for this spectrum. 
The result is in good agreement with the APM photometric 
point (red magnitude). We have thus estimated the line flux 
and the Fx/F[om] flux ratio 6 . The computed ratio is between 
8 and 30, hence suggesting a Compton-thin nature for this ob- 
ject. Clearly, better data are required to put this estimate on a 
firmer ground. 



6 The value F[ m] should be corrected for the reddening based 
on the Balmer decrement as explained in Bassani et al. (1999). In 
XBSJ031146.1-550702, however, the estimate of the Balmer decre- 
ment is difficult due to the presence of the broad Ho- component and 
the relatively poor S/N ratio of the available spectrum. We attempted 
a de-blending of the two components in the Ha profile and we have 
obtained Hcr/H/? ~2-3 which indicates that the reddening should not 
be very important. For this reason we have not applied any reddening 
correction. 
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A.3. XBSJ033845.7-352253 

The X-ray spectrum of this NLRG is not fitted by a simple ab- 
sorbed power-law or a leaky absorbed power-law models. A 
reasonable fit is obtained by allowing the two spectral indices 
free to vary. The best fit gives a very steep slope (F = 2.71) 
at low energies plus a flatter slope (F = 1.69) at higher en- 
ergies. Alternatively, a leaky absorbed (N#=2.8xl0 23 cm~ 2 ) 
power-law with F frozen to 1.9 plus a thermal (Raymond- 
Smith) model with kT=0.16^[jg keV gives an acceptable fit. 
The simple absorbed power-law plus a thermal component, in- 
stead, is unable to fit both the high and the low energy parts of 
the spectrum. 

XBSJ033845.7-352253 is a known Narrow Line Radio 
galaxy (NLRG, Carter & Malin 1983) resolved in the NRAO 
VLA Sky Survey (NVSS, Condon et al. 1998) into two bright 
radio-lobes with a total radio flux of 2.1 Jy corresponding to a 
radio power of 7.8xl0 25 W Hz" 1 at 1.4 GHz. In principle, the 
flat component (T = 1 .69) of the 2 power-laws model could be 
ascribed to the non-thermal emission from the jet. However, 
this component is usually not observed in lobe-dominated 
radio-loud AGNs, like XBSJ033845.7-352253, where relativis- 
tic beaming is not important while it is probably at the origin 
of the flat X-ray spectrum observed in core-dominated AGNs 
(e.g. Sambruna, Eracleous & Mushotzky 1999). 

We consider the second model, which includes a thermal 
emission, as more appropriate. In fact, the presence of a ther- 
mal emission is a quite frequent feature in NLRGs. For in- 
stance, 50% of the NLRGs observed with ASCA (Sambruna, 
Eracleous & Mushotzky 1999) show a thermal component; the 
0.1-2.4 keV unabsorbed luminosity of the thermal emission 
found in XBSJ033845.7-352253 is 2xl0 41 erg s _1 , in the range 
of luminosity obtained by Sambruna, Eracleous & Mushotzky 
(1999) (L x ~10 4 °- 43 ergs s" 1 ). 

Therefore, we have adopted the thermal plus leaky ab- 
sorbed power-law model for XBSJ033845.7-352253. 




Fig.A.l. The optical spectrum taken with EFOSC2 in 
November 2002 of the XBSJ041 108. 1-71 134. The weak 
(EW=10-15 A) emission line is tentatively identified with 
MgIU2798A. 



A.4. XBSJ041108.1-71134 

This is one of the optically faintest sources in the sample 
(R=20.25). The noisy spectrum collected in 2400 seconds with 
EFOSC2 shows only one weak broad emission line which 
we have tentatively identified as the MgII/l2798A line. With 
this assumption, the redshift is 0.923. The equivalent width of 
the line is ~ 10- 15 A (source rest-frame) which is close to the 
border-line of the BL Lac objects classification (EW<5A, e.g. 
Stocke et al. 1991). The spectrum is reported in Figure |A~T1 A 
firmer classification and z estimate requires a better signal-to- 
noise spectrum. 



Appendix B: X-ray spectra 



In this appendix we present the spectra of the extragalactic 
sources (all AGNs) present in the HBS28 sample. 
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Fig.B.l. The best-fit X-ray spectra of the extragalactic sources in the HBS28 sample (note that the sources XBSJ021822.2- 
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Fig.B.l. (continued) 



